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4
The average distance an electron travels between the ionizing collisions is called the 5 mean free path for ionization and its inverse, the number of ionizing collisions per cm,
6
is called the first Townsend coefficient, α. This coefficient is a fundamental parameter 7 for determination of detector gas gain. Precise measurement of the α-coefficient is 8 required for practical use as well as evaluation and adjustment of the proposed 9 theoretical models. The most common method for determination of the α coefficient is 10 based on the comparison of the initial charge deposited by the radiation and the total 11 charge generated by the gas amplification process (see for example ref. [1] [2] [3] ). However,
12
the accuracy of this method is limited by the inaccuracies in the determination of the 13 amount of primary and total charges. The measurement is further complicated by the 14 space charge effect that can seriously affect the gas amplification process.
15
In this paper, we present a novel method for event-by-event determination of the resolution of a few hundreds of ps. In the case of uniform deposition of primary 32 ionization in the detector gap, the electron current is given by: Electron signal:
Ion signal:
11 12 where C is the detector capacitance. From the equations (2) and (3) it follows that the 13 ratio of V ion /V e is an explicit function of the Townsend coefficient as:
16
Our method for measuring the Townsend coefficient is based on a precise determination 17 of this ratio by a careful analysis of the detector waveforms. An example of a digitized pulse from the avalanche counter is shown in Fig. 2 .A. The signal seen by the current-sensitive preamplifier is composed of two components.
8
There is an initial very fast pulse from the electrons arriving at the anode that is then signal. The algorithm employed for this task is illustrated in Fig.2 . By using the current 21 signal, the duration of the electron current is determined, and the voltage corresponding 22 to the end of the electron current is taken as the voltage signal due to electrons.
23
One parameter that can seriously affect the accuracy of the Townsend coefficient 24 measurement is the space charge effect. The space charge effect results from the fact 25 that at high values of gas amplification, the electric field due to the charge generated by (E/P, where E is the electric field and P is the gas pressure) is shown in Fig.5 . Since the 10 distributions are accompanied with a tail in the left side, the most probable values were 11 determined by fitting a Gaussian function to the part of the spectra, associated with the 12 events above the full-width-at-half-maximum (FWHM) of the distributions (see Fig.4 ).
13
In a uniform electric field, the D coefficient is well described by the Townsend classic 14 formula: In the determination of the α value by digital waveform analysis, the accuracy of in the most probable value due to statistical error was measured to be 1.2%. Therefore, 1 the total maximum error of our measurement, which is associated with the lowest 2 voltage, is estimated to be 8.09 %. and total ionization and offers a high degree of immunity to the space charge effect.
8
With the minimization of electronic noise, the event-by-event determination of the gas 9 amplification factor opens the way for quantifying the fluctuations in the gas 10 amplification process which could be used to improve the energy resolution through a 11 digital analysis of the detector signals. Such studies are underway in our laboratory.
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